Background: High-sensitivity C-reactive protein (hsCRP) has been shown to predict cardiovascular disease (CVD) endpoints and is associated with CVD risk factors and the metabolic syndrome. This study evaluated the association between hsCRP and CVD risk factors among Afro-Caribbean young adults in Jamaica.
INTRODUCTION
Almost 50% of persons with acute myocardial infarction in the USA have no overt evidence of hyperlipidemia, and 15-20% have none of the traditional cardiovascular disease (CVD) risk factors (1, 2) . As a result, there has been considerable interest in identifying risk markers that will refine and improve the clinician's ability to predict CVD (3) . Inflammation is now regarded as one factor that might explain this phenomenon. It is generally accepted that inflammation plays an active role in the pathogenesis of CVD and is a possible trigger of CVD events (4, 5) . Several clinical studies have demonstrated that chronic inflammation is a predictor of future CVD events and that biomarkers of inflammation can improve risk prediction in CVD (4) (5) (6) . In adults, inflammation is an independent risk factor for both the metabolic syndrome and CVD (7, 8) .
One increasingly popular marker of inflammation is C-reactive protein (CRP), an acute phase protein, which is markedly elevated in inflammatory conditions such as infections, and is also elevated in CVD, but in much lower concentrations (9) (10) (11) (12) . The development of assays capable of measuring mild elevation of CRP, termed high-sensitivity C-reactive protein (hsCRP), resulted in the widescale use of this biomarker in the evaluation of CVD risk (10) .
High-sensitivity CRP has been shown to predict the risk of CVD endpoints such as myocardial infarction, stroke, and CVD death independent of other traditional risk factors for CVD (2, 4, 5) . In addition, some studies have shown associations between high hsCRP and socioeconomic status (SES) (13) (14) (15) .
Most studies of the relationship between hsCRP and CVD have been done in middle-aged or older persons; however, associations between hsCRP and CVD risk factors among adolescents and young adults have been reported in a few studies (16) (17) (18) . In children and adolescents, even low-grade systemic inflammation has been shown to be associated with the metabolic syndrome (19, 20) . To our knowledge, no study has evaluated the associations between hsCRP and CVD risk in young adults from the Caribbean, where a high burden of CVD risk factors have been demonstrated (21) . We therefore sought to evaluate the relationship between hsCRP levels and CVD risk factors among participants of the Jamaica 1986 Birth Cohort Study. We chose hsCRP as the inflammatory biomarker because of the large body of data supporting its usefulness as a marker of CVD risk and because laboratory assays are available for its use in current clinical practice.
We hypothesized that high hsCRP levels are associated with individual CVD risk factors and with clustering of CVD risk factors as seen in the metabolic syndrome. Specifically, we aimed to (1) estimate the proportion of persons with high risk hsCRP; (2) evaluate the relationship between elevated hsCRP and traditional CVD risk factors [blood pressure (BP), glucose, obesity, dyslipidemia]; and (3) evaluate whether elevated hsCRP is associated with the clustering of multiple CVD risk factors expressed as the number of metabolic syndrome components. We also explored whether high hsCRP was associated with SES (using parental education level).
MATERIALS AND METHODS

STUDY DESIGN
This study was a cross-sectional analysis from the Jamaica 1986 Birth Cohort Study (22) . Details of the study design, follow up, and recruitment procedures have been previously published (22, 23) . In the third follow up round of the cohort, 902 participants, aged 18-20 years were seen between March 2005 and February 2007. The study was approved by the University of the West Indies, Faculty of Medical Sciences Ethics Committee, and all participants provided written informed consent prior to evaluation.
MEASUREMENTS AND DEFINITIONS
Trained research nurses administered questionnaires during face to face interviews in order to obtain data on personal and family medical history, SES, and physical activity levels. The nurses also obtained BP and anthropometric measurement (weight, height, waist, and hip circumference) using standard techniques. A fasting blood sample was collected for glucose, lipid levels, and hsCRP.
Blood pressure was measured using a mercury sphygmomanometer following standardized procedures developed for the International Collaborative Study of Hypertension in Blacks (24) . Waist circumference (WC) was measured using a non-stretchable nylon tape. Height was measured using a portable stadiometer and weight was measured using a portable digital scale. Elevated BP was defined as systolic BP ≥120 mmHg or diastolic BP ≥80 mmHg, incorporating the prehypertension and hypertension categories, as defined by the Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High BP (JNC 7) (25) . Body mass index (BMI) was calculated as weight in kilograms divided by the square of height in meters and the World Health Organization classification used to define overweight as BMI of 25.0-29.99 and obesity as BMI ≥30.0 kg/m 2 (26) . Central obesity, high fasting glucose, high triglycerides, and low high density lipoprotein (HDL) cholesterol were defined using the metabolic syndrome cut points recommended by the 2009 Consensus Criteria by the International Diabetes Federation,American Heart Association, and others (27) . The specific cut points were: central obesity ≥94 cm for men and ≥80 cm for women; high fasting glucose, ≥5.6 mmol/L; high triglycerides, ≥1.7 mmol/L; low HDL <1.0 mmol/L in men and <1.3 mmol/L in women. For metabolic syndrome categorization, high BP was determined using cut points of ≥130 mmHg for systolic BP and ≥85 mmHg (27) . Participants with any three of the five components were classified as having the metabolic syndrome as defined by the 2009 Consensus Criteria (27) . High total cholesterol was defined as cholesterol ≥5.2 mmol/L and increased low density lipoprotein cholesterol (LDL) was defined as LDL ≥4.1 mmol/L in accordance with the recommendations from National Cholesterol Education Program Adult Treatment panel III criteria (ATP III) Expert Panel (28) .
High-sensitivity CRP was measured from stored serum samples using the IMMULITE® 1000 High-Sensitivity CRP enzyme immunoassay test kits (Siemens Medical Solution Diagnostics, Los Angeles CA, USA). Tests were performed in duplicate by a single laboratory technician using standard quality control procedures to ensure validity and reliability of test results. The test has an analytic reportable range of 0.3-100 mg/L. Where participants had values below the reference range, they were assigned a value of 0.3 mg/L. For analysis, the mean of the two values were used. Risk categories recommended by the American Heart Association and Center for Disease Control were used to categorize hsCRP as low risk (hsCRP <1 mg/L), moderate risk (hsCRP 1-3 mg/L) and high risk (hsCRP >3 mg/L) (8) . For outcome analyses, we defined high hsCRP as hsCRP >3 mg/L. Participants with hsCRP >10 mg/L were excluded from the analyses as these levels may reflect infection or inflammatory disorder (8) .
Socioeconomic status was defined as the highest level of education attained by either parent or guardian and categorized as: primary/all age, secondary, or tertiary. Persons who responded "do not know" to the questions on education of parents/guardian were treated as a fourth category. Leisure time physical activity levels were defined based on time spent playing sports or engaged in exercise (e.g., brisk walking). Participants who reported no leisure time physical activity were classified as having low physical activity level, participants reporting 3.5 h or less of physical activity per week as moderate of physical activity level, while those reporting more than 3.5 h of physical activity per week were classified as high physical activity level.
STATISTICAL ANALYSIS
Data were analyzed using Stata 12.1 (Stata Corp., College Station, TX, USA). Descriptive analyses included means and proportions for outcome and explanatory variables as appropriate. Where data Frontiers in Cardiovascular Medicine | Cardiovascular Epidemiology were highly skewed, we reported medians and interquartile range. Means were compared using the t -test while difference in proportions were compared using the Pearson's chi-squared test. For comparison of means across multiple categories, we used one-way analysis of variance or the Kruskal-Wallis test if there was evidence on unequal variance across the categories. As there was evidence of sex interaction in the relationship between some CVD risk factors and high hsCRP, we present sex-specific estimates for bivariate analyses. Logistic regression was used to identify factors independently associated with high hsCRP. All variables, which showed evidence of association (p < 0.05) in the bivariate analyses and those with an a priori hypothesized association, were sequentially added to the model and the likelihood ratio test used to identify variables, which significantly improved the model.
In order to assess whether hsCRP was associated with clustering of CVD risk factors, we created a variable based on the number of metabolic syndrome components present in participants (elevated BP, high fasting glucose, central obesity, low HDL, and high triglycerides). We then assessed whether the number of risk factors was significantly associated with high hsCRP.
Since our study tested two primary hypotheses, the significance level for the final models was adjusted to 0.025 using the Bonferroni method as recommended by Bender and Lange (29) and by Sedgwick (30) .
Data on hsCRP was unavailable for 61 participants and 45 participants had hsCRP values >10 mg/L. Another 50 participants had missing values for at least one additional variable of interest. The final analysis was therefore limited to 746 participants with full data for the variables of interest.
RESULTS
Analyses included 342 men (46%) and 404 women (54%) with mean age 18.8 ± 0.6 years. Sex-specific characteristics of the study participants are shown in Table 1 . Men had higher systolic BP, diastolic BP, fasting glucose, and triglycerides whereas women had higher mean total cholesterol, LDL, HDL, and hsCRP. In order to assess the potential impact of participants who were excluded from the analyses, we compared mean values of the characteristic shown in Table 1 (except for hsCRP) for included and excluded participants. There were no significant differences for participants included in the analysis compared to those excluded.
The proportion of participants with individual CVD risk factors and high hsCRP (>3 mg/L) is shown in the Supplementary Material (Table S1 in Supplementary Material). Approximately 15% of the participants had high risk hsCRP with women having a prevalence of 20% compared to 9% among men (p < 0.001). Approximately 21% of participants had elevated BP (BP ≥120/80 mmHg), 17% were overweight and another 7% obese; 14% of participants had high cholesterol and 46% had low HDL. Prevalence of elevated triglycerides and impaired fasting glucose was relatively low, 0.5 and 1.1%, respectively; 6% had high LDL cholesterol. Men were more likely to have elevated BP and fasting glucose, while women had a higher prevalence of all other CVD risk factors. High triglyceride was rare in both men and women. Table 2 shows the proportion of participants with high hsCRP (>3 mg/L) by traditional CVD risk factor categories and SES 
Number (%) Number (%) (based on parental education level). Only central obesity and parental education were significantly associated with high hsCRP among men, but associations were also seen for BMI, low HDL, and high triglycerides among women. There was no significant association between high hsCRP and physical activity level (data not shown). We also obtained mean values for CVD risk factors by hsCRP category for men and women. These data are shown in Table S2 in Supplementary Material. Among men, significant associations with hsCRP category were seen for BMI and WC only with persons www.frontiersin.org in the high risk hsCRP category having higher mean BMI and WC. Among women, similar associations were seen for BMI and WC, but additionally there were significant associations for systolic BP, LDL, and triglycerides. Mean HDL was lower among women with high risk hsCRP. In order to evaluate the association between high hsCRP and clustering of CVD risk factors, we computed a risk score based on the number of metabolic syndrome components that a participants had. We also evaluated the association between high hsCRP and the metabolic syndrome. Results for these analyses are shown in Figure 1 and Table S3 in Supplementary Material. Approximately 39% of participants had one of the five risk factors, 14% two risk factors, and 0.8% of participants had the metabolic syndrome. There was a statistically significant trend for higher prevalence of high hsCRP as the number of risk factors increased for both men and women (Figure 1) . Mean and median hsCRP increased with the number of risk factors with a statistically significant test for trend (see Table S3 in Supplementary Material).
Results for the multiple logistic regression analyses, using high hsCRP as the outcome are shown in Table 3 . BMI and WC were highly correlated (Pearson's correlation coefficient, r = 0.81) therefore we opted to use WC as the measure of adiposity in our models. Model 1 assessed the relationship between high hsCRP (outcome variable) and individual CVD risk factors and SES. Only central obesity and parental education remained statistically significant correlates of hsCRP. Odds ratio for high hsCRP for those with central obesity compared to those without was 7.8 (95% CI 4.8-12.9, p < 0.001). Participants whose highest parental education level was in the primary/all-age category had a twofold higher odds of high hsCRP compared to those with tertiary level parental education (OR 2.47, 95% CI 1.17-5.20, p = 0.017). In the second model, we examined whether the number of metabolic syndrome components was associated with high hsCRP. After adjusting for sex and parental education, having one component was associated with a twofold increase in the odds of high hsCRP, while having three or more components (i.e., having the metabolic syndrome) was associated with a 14-fold increase in the odds of high hsCRP. There was some evidence of sex interaction in the relationship between hsCRP and education category (p = 0.049 for the interaction term for the "unknown" education category). We therefore also present sex-specific estimates for these models in Table S4 in Supplementary Material. The result from these models was generally similar to the un-stratified models, but estimates were less precise with wide confidence intervals.
DISCUSSION
In this study among young adults in Jamaica, we found that approximately 15% of participants had high risk hsCRP. High hsCRP was more common among women and was strongly associated with central obesity and the metabolic syndrome. There was also a strong association between high hsCRP and clustering of CVD risk factors, with higher odds of high hsCRP as the number of metabolic syndrome components increased. Additionally, there was a statistically significant trend for increasing prevalence of high hsCRP as the number of metabolic syndrome components increased. We also found that lower parental education was associated with higher odds of high hsCRP particularly among men. The findings in this study are generally consistent with the published literature. Among CVD risk factors, the strongest associations appear to be with BMI and central obesity (31) (32) (33) (34) . In one study among adults 25-60 years old in Burkino Faso, central obesity was associated with a fourfold increase in the odds of high hsCRP (>1 mg/L) while overweight status was associated with an almost sevenfold increase in the odds in unadjusted models; however, in the fully adjusted model only central obesity and elevated triglyceride was associated with log hsCRP (32) . In another study from China, while hsCRP showed significant correlations with all the CVD risk factors studied the largest correlation coefficients were seen for BMI and central obesity (31) .
None of the other individual CVD risk factors studied were retained in the final model as associations were no longer significant after adjusting for confounding and model assessment indicated that they did not improve the model. These findings are consistent with results of the study from Burkino Faso and another study from the Netherlands where only central obesity and elevated triglyceride remained significant correlates of high hsCRP in multivariable models (32, 33) . The absence of an association with elevated triglycerides in our study was probably due to the very low prevalence of hypertriglyceridemia (0.5%) in this study. It should www.frontiersin.org be noted, however, that one study from Korea, however, reported a statistically significant inverse relationship between HDL and hsCRP (35) . A number of studies also reported strong associations between hsCRP and the number of CVD risk factors or metabolic syndrome components (31-33, 36, 37) . In one study analyzing National Health and Nutrition Examination Survey (NHANES) 2009-10 data, participants with one metabolic syndrome component had a twofold higher odds of high hsCRP while participants with all five components had 11 times greater odds of high hsCRP (37) . Being classified as having the metabolic syndromes was also associated with hsCRP level (16, 17, 31, 32) . In the study from Burkino Faso, participants with hsCRP >1 mg/L were twice as likely to have the metabolic syndrome (32) . Similarly, persons in the highest quartile of hsCRP were seven times more likely to have the metabolic syndrome compared to those in the lowest quartile (31) .
We also found a significant inverse relationship between high hsCRP and parental education level, with the association being statistically significant for men whose highest parental education level was primary or all age (up to grade 9) when compared to those whose parents had tertiary level education. These findings are consistent with a growing body of literature showing associations between SES and hsCRP (13) (14) (15) (38) (39) (40) (41) (42) (43) . Most studies show an inverse association with higher levels of hsCRP with lower SES, with some studies showing significant sex-differences. For example, in a report from the Coronary Artery Risk Development in Young Adults (CARDIA) study, there were significant associations between CRP for White men and women and for Black women but not for Black men (42) . Studies from Jamaica have generally shown sex-differences in the relationship between CVD and measures of SES (23, 44, 45) . In a previous analysis from this cohort maternal occupation at time of child's birth was found to be inversely related to BP, but was statistically significant in men only (46) . The relationship between hsCRP and SES suggest that inflammation may be one of the mechanisms through which SES influence CVD risk, but this requires further study. We acknowledge that parental education as used here is a proxy for participants SES; however, parental SES was used since the participants were just entering into adulthood and at this age parental SES may be a better measure of SES than their own SES.
Prevalence of high hsCRP in this study was approximately 15%. There is little published data for this age group for comparison, however, one study reported a prevalence of 13% for elevated hsCRP (>3 mg/L) among 16-year-olds in Quebec, while another study using data from NHANES 2009-10 found that 32% of the US adult population had elevated hsCRP (19, 37) . In another analysis from NHANES 2009-10, an estimated 29% of US adults 20-29 years old had hsCRP ≥3 mg/L (47). The mean and median hsCRP of our participants (1.5 and 0.7 mg/L, respectively) was lower than that of the 20-to 29-year-olds of the NHANES database 3.5 and 1.4 mg/L, respectively) (47) .
It has been recognized that preventing or delaying the onset of the chronic non-communicable diseases is the goal of modern public health policy. To do this effectively requires early Frontiers in Cardiovascular Medicine | Cardiovascular Epidemiology recognition of the occurrence of risk factors and taking action to promote optimal health in light of evidence suggesting that CVD risk factors tend to track from childhood into adulthood (48, 49) . In young adulthood, many of the traditional risk factors are relatively uncommon and as such it may be difficult to predict those at highest risk using only traditional risk factors. In this study, while the prevalence of some individual risk factors was fairly high, <1% was classified as having the metabolic syndrome. If we used the metabolic syndrome as to classify participants with regards to future CVD risk, the large majority of participants would be classified as being at lower than average risk of CVD. The prevalence of high hsCRP, however, was approximately 15% suggesting that the many persons classified as low risk based on the metabolic syndrome criteria would be reclassified based on hsCRP. These findings suggest that hsCRP may be useful marker of CVD risk in young adults and may result in earlier identification of young adults at high risk for CVD.
This study had some limitations. Firstly, we acknowledge that there is significant short term variability hsCRP level, so measurement of hsCRP on a single occasion may result in some misclassification (5, 50) . However, such misclassification is likely to be non-differential; therefore, the true associations are likely to be more extreme than reported. Additionally, there were missing data for some participants, while others had markedly elevated hsCRP, which resulted in their exclusion from the analyses. However, mean values for participant characteristics were similar for included and excluded participants, suggesting that this is unlikely to have influenced the findings of the study. Additionally, the consistency of our findings with other studies suggests that our estimates are plausible. Finally, the crosssectional study design precludes any causal inferences from the study.
The study also had some important strength. Few studies have reported on hsCRP distribution among children, young adults, and in populations outside of Europe and North America (8) . This has led to the Centers for Disease Control and American Heart Association specifically calling for studies among the young, the elderly, and within race/ethnic groups (8) . This study was conducted among Afro-Caribbean youth in a developing country context and will be a valuable addition to the literature. Additionally, the study is population based and therefore findings are likely to be generalizable to urban Jamaica and to other populations with similar age and race/ethnic composition.
We conclude that high hsCRP is strongly associated with central obesity, the metabolic syndrome, and the number of cardiovascular risk factors. Our study suggests that hsCRP may improve CVD risk assessment in young adults when compared to the metabolic syndrome. Further longitudinal studies are needed to evaluate the predictive value of hsCRP in young populations. Additionally, the association between hsCRP and early markers of vascular health such as pulse wave velocity should be evaluated.
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